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VILLAGE OF STITTSVILLE 



M 



1. INTRODUCTION 



In response to a request from Mr. N. LaBarre, Sanitary Engineering Branch, 
Ottawa, an investigation was undertaken by the Water Quantity Management Branch to 
determine the source of salty water in a large numlser of private wells in the Village 
of Stittsville. The general location of the study area is shown in Figure 1. A 
more detailed map of the area is presented in Figure 2. 

The study included an office examination of the hydrogeology , physiography 
and water -well records for the area, water samples were collected from approximately 
40 wells in the area on 11 occasions over a period of 22 months. The results of the 
chemical analyses of samples collected during this investigation are shown in Table 1. 
Water well and sampling locations are shown in Figure 2. 

After determining the source of the salt in local well waters, recommendations 
to stop the salt contamination of the aquifer were implemented followed by an extended 
sampling program to determine the time necessary for the aquifer to return to back- 
ground quality. The results of this extended study are beyond the scope of this 
report and will be summarized upon the completion of the investigation. 
2. BACKGROUND 

In approximately 1965 a large housing development was initiated in the 
study area utilizing private wells as the source of water supply. The water quality in 
the individual wells was reported to be fresh at the time of drilling. However, in 
time, the water from most of the wells developed a salty taste and the matter was 
brought to the attention of the Sanitary Engineering Branch. As will be shown, 
chloride concentrations in the study area vary from 55 ppm upgradient to a recorded 
high of 2252 ppm downgradient from the storage facilities. During the study, 
undesireable nitrate concentrations were found to be present in many of the wells. 
The suspected source of the contamination was nearby road-salt storage facilities. 

In November, 1967 and 1960 salt and sand storage facilities were established 
in the study area for the Township of Goulbourn and the Regional Municipality of 
Ottawa-Carleton, (former County of carleton) , respectively. The township yard is 
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not paved and salt has never been stored under cover in this yard. The regional 
yard is paved but no berm has been constructed around the yard; and until the 
1972-73 season, sand-salt mixtures were stored uncovered on the pad. Pure salt is 
stored in a shed on the pad. Prior to the 1972-73 season, both Tovmship and 
Regional Municipality representatives were advised of the cause and effect relation- 
ship between the storage facilities and the aquifer water quality. These representatives 
responded by discontinuing the storage of unprotected salt at these patrol yards. 
GEOLOGY 

Stittsville is located approximately 12 miles south-west of Ottawa in 
the Township of Goulborxme. The study area lies on the flank of an old beach 
deposit formed by wave action during the time of the post glacial Champlain Sea. 
Local topography is sloping with up to a 1 in 25 gradient toward the east. The 
beach deposit consists of up to 50 feet of sand and gravel with occasional clay 
lenses. The lower ground to the north-east of the beach deposit consists mainly of 
sandy till deposits 30 to 40 feet in thickness. In some places adjacent to the beach 
deposit, the till is absent and sand and gravel overlies the bedrock. The bedrock 
underlying the village and nearby surrounding area consists of limestone of the , 
Ottawa formation. 
HYDROGEOLOGY 

The local surficial sand and gravels are saturated and serve as a minor 
source of local ground water supply. This partially confined aquifer, because 
of the well drained nature of the overburden material, is highly susceptible to 
pollution from contaminants lost at ground surface. 

In unconfined or partially confined aquifers, the configuration of the 
potentiometric surface generally conforms to topography. Ground water moves down- 
gradient under the influence of gravity from areas of high elevation toward areas 
of low elevation. Thus, ground water in this local overburden a^ifer would be 
expected to move toward the east. 

The major aquifer in the area, however, is not contained within the 
overburden, but is within the underlying fractured limestone bedrock of the Ottawa 
formation. The majority of the wells in the village and the surrounding area are 
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drilled into this limestone aquifer. Water-well records indicate that these wells 
extend from 2 feet to 140 feet into the bedrock but that the average depth of 
rock penetration is about 60 feet. The drilled wells are reported to produce 
sufficient quantities of water for domestic requirements; however, sulphurous 
water is encountered in some of the rock wells. 

In bedrock aquifers, ground water tends to move primarily through 
fractures under the influence of gravity from topographically high areas toward 
topographically low areas. Thus water flow in tlie beirock aquifer would be 
expected to be in an eastwardly direction from the salt storage facilities toward 
the affected wells. 
5. WRTER QUALITY 

A. General 

Upon receiving Mr. Labarre's request for an investigation of well water 
quality problems at stittsville, a well-water sampling program was begun in the 
study area by representatives of the Water Quantity Management Branch. The 
collected saunples were analyzed for pH, calcium, magnesium, sodium, potassium, 
MBAS as LAS, hydrogen, sulphide, sulphate, iron (soluble and total), nitrate, 
alkalinity, hardness and specific conductance. The analytic results of this 
sampling program are shown in Table 1. 

As previously stated, water quality in the individual wells was reported 
to be fresh at the time of drilling. The Royal Bank well, drilled in 1968, may 
be used as a representative well for background quality. The water is free of 
chloride and nitrate contamination, but is relatively hard as would be expected 
with water from a limestone bedrock aquifer. Sobanski commented that the 
potential for good quality water being obtained from the Ottawa formation in 
Stittsville is good to fair. The only apparent problem could be the presence of 
naturally occurring sulphurous water. In sampling three bedrock wells in 
Stittsville for analyses purposes, Sobanski found the water to be fresh and hard. 

This report deals only with the quality of bedrock wells in the 
immediate study area. From an examination of the data presented in Table 1, it 
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is evident that well waters downgradient from the patrol yards contain anonalous 
concentrations of chloride, sodium, calcium, hardness and total dissolved solids 
as determined by the specific conductance data. The wells in the community also 
contain elevated concentrations of nitrate which appear to be somewhat unrelated 
to the presence of the above list of constituents and will be dealt with separately. 

There are several potential sources of contaminants which must be 
considered when dealing with aquifer contamination as experienced at Stittsville. 
These include: natural sources of contaminants within the aquifer, septic tank 
effluents, discharge of industrial wastes with high contaminant concentrations, 
road salting and leachate from salt storage piles. The following discussion will 
attempt to deal with the nature and source (s) of the contaminants. 

B. Well Water CX>ntaminants 

I. Chloride 

(1) Occurrence and Chemistry of Chloride in Water 

Chlorides are widely distributed in natural waters. They are found in 
sedimentary rocks deposited in marine environments. During deposition, the 
rock becomes impregnated with soluble salts and chloride is present as a pairt of 
sodium chloride crystals or in solution in interstitial water as the chloride ion. 
Fine grained marine shales that characteristically have small permeabilities, retain 
chlorides for very long periods of time, while outcropping, fractured and porous 
carbonate rocks, through which ground water percolates and leaches salt from the 
interconnected pore space, would not be expected to retain large amounts of chlorides 

The circulation of chloride ions in the hydrologic cycle is largely 
through physical processes. Chloride ions in natural waters do not readily enter 
into oxidation or reduction reactions, do not form important ion complexes, do not 
form insoluble or slightly soluble salts, are not significantly adsorbed on 
mineral surfaces, and do not enter into biochemical reactions. Because of these 
factors, chloride ions move with the water through most soils with less retardation 
or loss than amy other chemical. However, because the ion is physically large, its 
movement through compacted clays and shales may be retarded. 
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Chloride ions are present in all natural craters, but generally the 
concentrations are anall . Rainwater has an average concentration of only a 
few tenths of a ppn. Surface streams usually 1-iave chloride concentrations of a few 
tens of ppms. 

chlorides in drinking water are generally not harmful to human beings 
unless large concentrations are reached. However relatively low chloride con- 
centrations may be injurious to some people suffering from diseases of the heart 
or the kidneys. Restrictions on chloride concentrations in drinking water are 
generally based on palatibility requirements rather than on health factors. 

Lockhart et.al. reported the taste thresholds of NaCl, KCl and CaCl2 
to be 345, 650 and 347 ppm, corresponding to cliloride concentrations of 210, 310 
and 222 ppm, respectively. For average individuals, the taste threshold is about 
400 ppm. Water containing more than 500 ppm maybe unpalatable and cause appetite 
distuzbances. Although an excess of chloride induces thirst or can act as a 

diuretic, water containing up to 1400 ppm has been used by some communities for 

2 

many years without appreciable harm. According to M:Kee et, al. in general, it 

is the cation (calcium, magnesium, sodium, or potassium) associated with the 
chloride that produces a harmful effect. 

Chloride limits, both those in use as standards euid those recoiranended for 
use as possible standards, vary over a wide range. The USPHS Drinking Water 

Standards of 1962 recommended that chlorides do not exceed 250 ppm. In other 

2 
agencies or other countries , the criteria have been given at values ranging from 

5 ppm, which seems unrealistic to the writer, to 600 ppm. The WHO International 

Standards of 1958 set a permissible limit of 200 ppm and an excessive limit of 

600 ppm. The maximum recommended limit for chlorides in municipal water supplies 

in Ontario is 250 pixn. Ministry of the Environment, "Guidelines and Criteria for 

Water Quality McUiagement in Ontario, 1973". 

In addition to the palatability and the possible hazard to health, 

chlorides are strong contributors to the rate of corrosion of metals. 
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(2) Regional Chloride Concentxations in Ground Water from the Ottawa Formation 
in the Stittsville area. 

Water quality data compiled by the Ministry of the Environment indicates 
that naturally occurring concentrations of chloride are low in Ottawa Formation 
aquifers in the Stittsville area. These data are summarized as follows: 

Report Area Chloride Concentration (ppro ) 
Sarsfield 23 

Navan 4 

Twp. of Gloucester 39 

Stittsville 23 

Stittsville 56 

Stittsville 111 

Stittsville 10 

Overall Average 38 
These data represent average values of chloride concentrations found 
in representative wells throughout the region. 

(3) Chloride Concentrations in the Study Area 

The average chloride concentration in the waters from wells beyond the 
contaminated area during the study period was 51.4 ppm. This average represents 
39 samples collected from the Royal Bank, Lackey, Carlstan Manufacturing and 
Gauvan wells during the study period. This contrasts with an average concentration 
of 1436 and 1265 ppm of chloride in the Summer's and Miller's well water, 
respectively, located on figure 2. The data are recorded in Teible 1 with 
average values for all wells sampled during the study. 

In figure 3, isochlors have been drawn which join points of equal chloride 
concentration for averaged samples collected through the study period. 
Examination of the figure shows a pattern which suggests that the focal point 
of the large chloride concentrations is in the vicinity of the patrol yards 
upgradient from the affected wells. 



II. Sodium 
(1) Occurrence and Chemistry of Sodium in Water 

The occurrence of sodium is similar to that described for chloride. 
Sodium may be present in sedimentary rocks as crystals of readily soluble 
sodium salts or in ionic form in aqueous solutions. In these forms, sodium 
may be flushed from permeable rocks by ground water flow. 

Sodium ions, unlike chloride ions, may be removed from solution by 
adsorption on minerals with high cation exchange capacities, such as clays. 
Such reactions usually result in the release of calcium which consequently 
increases the hardness of the water. Because sodium can be adsorbed, it is not 
as good an indicator for tracing ground-water movement as chloride. 

All natural waters contain measureable amounts of sodium. Natural 
concentrations range from about 0.2 ppm in rain and snow, to more than 100,000 ppm 
in the brines from very deep bedrock formations. 

Sodium in drinking water may be harmful to persons suffering from 

4 5 
cardiac, renal and circulatory diseases ' , and as much as 200 mg. of sodium from 

g 
drinking water of good quality may contain up to 115 ppm sodium, Hibbard 

reconunends a limit of 10 ppm as desirable. 

The U.S. Public Health Service drinking water standards in current use 

date from 1962 and do not state a sodium concentration criteria to be maintained 

in drinking water supplies. There is no mention of recommended limits for sodium 

in municipal water supplies in Ontario in the "Ministry of the Environment, 

Guidelines and Criteria for Water Quality Management in Ontario, 1973". 

(2) Regional Sodium Concentrations in Ground Water from the Ottawa Formation in 
the Stittsville Area. 

Water quality data ccanpiled by the Ministry of the Environment indicates 
that naturally occurring concentrations of sodium are low in Ottawa Formation 
aquifers in the Stittsville area. These data are summarized as follows: 
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Report Area Sodixjm Concentration (p^n) 

Scarsfield 35 

Navan 34 

Tovmship of Gloucester 13 

Stittsville 22 

Stittsville 27 

Overall Average 26 

These data represent average values qff chloride^oncentrations 
found in representative wells throughout the region. 
(3) Sodium Concentrations in the Study Area 

The average sodium concentration of the waters from wells beyond the 
contaminated area during the study period was 25.3 ppin. This average represents 
38 samples collected from the Royal Bank, Lackey, Carlstan Manufacturing, and 
Gauvan wells during the study period. This contrasts with an average con- 
centration of 931 and 652 ppoi of sodium in the Summer's and Miller's well water 
respectively, located in Fig\ire 2. The data are recorded in Table 1 with average 
values for all wells sampled during the study. 

In Figure 4, lines have been drawn which join points of equal sodium 
concentration for averaged samples collected through the study period. Examination 
of the Figure shows a pattern which suggests that the focal point of the laurge 
sodium concentrations is in the vicinity of the patrol yards upgradient from the 
affected wells. 
III. Calcium 
(1) Occurrence and Chemistry of Calcium in Water 

Calcium is the principal cation in most natural fresh water. The element 
is very widely distributed in the common minerals of rocks and soil. The most 
common forms of calcium in sedimentary rocks are the carbonates. The two 
crystalline forms, calcite and aragonite, both have the formula CaC03, and the 
mineral dolomite can be represented as CaMg(C03)2. Limestone consists mostly of 
calcite with admixtures of magnesiuun and other impurities. 
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Equilibria involving carbonates are the major factor in limiting the 

g 
solubility of calcium in most natural water. Weyl has concluded that saturation 

with respect to calcite should prevail for all water in limestone below the water table 

9 
But Back et.al. observed both super saturation and under-saturation in water from 

wells in limestone bedrock aquifers and suggested that solution of limestone 

might continue for hundreds of feet below the water table. To fully examine natural 

water systems with reference to carbonate equilibria, pH measurements must be 

accurately made immediately when the source is sampled. Then by referring to a 

lO 
figure such as provided by Hem , the equilibrium pH in relation to calcium and 

bicarbonate activities in solutions in contact with calcite can be obtained. 

By such a determination the degree of saturation with respect to calcite may be 

obtained . 

As has been discussed, calcium ions may be released to solution by the^,,,.-^ 

process of ion_gxchange for sodium ions. If a solution with a high sodium 

concentration comes in contact with minerals with a high cation exchange capacity 

that has exchangeable calcium then in an approximate 2:1 ratio, sodium will 



exchange with calcium to maintain charge equilibrium. This will be discussed in 
more detail under the section. Ion Exchange Reactions. Because calcium enters into 
these reversible reactions with sodium, neither sodium nor calcium are as good an 
indicator for tracing ground water movement as chloride. 

The human body requires approximately 0.7 to 2.0 grams of calcium per day 
as a food element ' ' cui amount considercdaly in excess of the calcium con- 
centration of normally consumed qtuantities of even very hard water. In fact, calcium 
deficiency is a cocmton nutritional problem in North America. It is assumed that 

in the adult, the calcium requirement in the diet should equal the calcium excretion, 

10 
which is about 10 mg. per kg. per day . Some investigators believe that calcium 

12 
in water c«ui be used by the body as a supplement to the calcium in the diet ; 

however, the nutritional value of calcium in water has not been clearly established 

13 14 
and is still questionable ' . Concentrations up of 1800 ppn of calcium in 

drinking water have been reported to be harmless 
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Controversy also exists in the literature over the physiological effects 
of excessive concentrations of calcium in drinking water. Excessive calcium 
has been implicated as a factor predisposing to the formation of concretions in the 
body such as kidney or bladder stones . Morris et. al. ' report an inverse 
correlation between the calcivim content of waters and cardiovascular disease, 
i.e. high calcixim is associated with a low incidence of heart attacks. Similar 
work has been progressing in southern Ontario in which an inverse correlation has 
been found between the hardness of waters (remembering that the main hardness 
ion is calcium) and heart attacks, i.e. CGinmunities with hard water tend to have 

a significantly lower per capita incidence of heart disease than communities with 

19 
soft water. However, Schroder guid Duran failed to find a similar relationship 

in Japan. There is also evidence of adverse physiological effects from an in- 
sufficiency of calcium in water. Urovsk disease, a severe type of rickets, occurs 
in regions where the concentration of calcium in drinking water is low ' . 

While several effects of calcium in drinking water and physiological 
reactions have been suspected, no definite causal relationship has been proven 
as yet. So far as can be determined at the present time, calcium limits are 
desirable for domestic supplies not because of a hazard to health, but because 
calcium may be disadvantageous for other household uses, such as washing, bathing 
and laundering, and because it tends to cause incrustations on cooking utensils, 

water heaters, etc. 

g 
Hibbard has recommended the following limiting concentrations of calcium 

in waters for domestic use: 

Drinking and cooking 30 ppm 

Washing 10 ppn 

Laundry ppm 

The USPHS Drinking Water Standards of 1962 and the WHO European Standards 

of 1961 do not contain any limits for calcium; but the WHO International Standards 

22 
of 1958 indicate that 75 ppm is a permissible limit and 200 ppm is an excessive 

limit in drinking water. There is no mention of recommended limits for calcium in 
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municipal water supplies in Ontario in the "Ministry of the Environment, Guidelines 
and Criteria for Water Quality Management in Ontario, 1973". 

(2) Regional Calcium Concentrations in Ground Water from the Ottawa 
Formation in the Stittsville Area 

Water quality data including analyses for calcium have not been compiled 
by the Ministry of the Environment in previous regional studies. Thus comments 
on naturally occurring concentrations of calcium in Ottawa Formation aquifers in 
the Stittsville area are not possible. 

(3) Calcium Concentrations in the Study Area 

The average calcium concentration of the waters from wells beyond the 
contaminated area during the study period was 111.5 ppn. This average represents 
30 samples collected from the Royal Bank, Lackey, Carlstan Manufacturing, and 
Gauvan wells during the study period. This contrasts with an average concentration 
of 258 and 265 ppoi of calcium in the Summer's and Miller's well waters respectively* 
located in Figure 2. The data are recorded in Table 1 with average values for 
all wells sampled during the study. 
IV Hardness 
(1) Occurrence and Chemistry of Hardness in Water 

The term "hardness" is applied to the soap-neutralizing power of a water. 
Any substance that will form an insoluble curd with soap causes hcurdness. The 
most common ions that form the curd in natural water supplies and thus the ion to 
which hardness is principally attributable are the calciian and magnesium ions. 
Hardness in water thus may be caused by the natural accumulation of salts frcoi 
contact with soil and geological formations. Because the hardness of water is 
directly related to the presence of calciian in the water, the reader is referred to 
the section, "Occurrence and Chemistry of Calcium in Water". 

Physiologically, hard waters have had no demonstreible harmful effects on 
the health of consumers. Again the reader is referred to the section, "Occurrence 
and Chemistry of Calcium in Water". The major detrimental effect of hardness is 
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economic. Aultiaan has shovm^^ that the annual cost of cleansing agents for a 
family of five doubles as the hardness increases from zero to 375 ppm. 

The literature contains numerous statements relating to the desirable 
lijnits for hardness in municipal rater supplies. According to Taylor ^^, in 
a few hard-water areas, a commonly prescribed limiting hardness is 140 ppn while 
a hardness above 500 ppm is considered unsuitable for general domestic 
purposes. 

The USPHS Drinking Water Standards of 1962, the WHO European Standards 
of 1961 and the WHO International Standards of 1958 do not contain any limits 
for hardness. The "Ministry of the Environment, Guidelines and Criteria for 
Water Quality Management in Ontario, 1973" contains the following statanent under 
the heading "Permissible Criteria". "Acceptable levels will vary with local 
hydrogeologic conditions and consumer acceptance". 

(2) Regional Hardness Concentrations in Ground Water frctn the Ottawa 
Formation in the Stittsville Area 

Water quality data compiled by the Ministry of the Environment^ indicates 
that water from Ottawa Formation aquifers in the Stittsville area is very hard. 
These data are summarized as follows: 

Report Area Hardness (as pppi CaCO^) 

Sarsfield 286 

Navan 190 

Township of Gloucester 272 

Stittsville 244 

Stittsville 280 

Stittsville 411 

Stittsville 252 

Overall Average 305 

These data represent average values of hardness expressed as pjin 
CaCOj found in representative wells throughout the region. 
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(3) Hardness in the Study Area 

The average hardness of the water fron wells beyond the contaminated 
, area during the study period was 400 ppn CaC03 . This average represents 30 samples 
collected from the Royal Bank, Lackey, Carlstan Manufacturing and Gauvan wells 
during the study period. This contrasts with an average hardness of 731 and 740 ppm 
CaCO- in the Suiraner's and Miller's well waters respectively, located in Figure 2. 
The data are recorded in Table 1 with average values for all wells sampled during 
the study. 
V. Nitrate 
(1) Occurrence auid Chemistry of Nitrate in Water 

Nitrates are the end product of the aerobic stabilization of organic 
nitrogen, and as such they occur in polluted waters that have undergone aerobic 
biological processes. Nitrates also occur in percolating ground waters as a result 
of excessive application of fertilizer or leachings from septic tcu\ks systems. 

The USPHS Drinking Water Standards recommends a limit of 10 ppm nitrate 
nitrogen as N, with which the Guidelines and Criteria for Water Quality Management 
in Ontario by the Ministry of the Environment concurs. These limits were 
established because of the relationship between high nitrates in water and infant 
methemoglobinemia . 

Infant methemoglobinemia, a disease characterized by certain specific 
blood changes and cyanosis, may be caused by high nitrate concentrations in the 
water used for preparing feeding formulae. Since the disease often does not 
occur even where the water is very high in nitrate content, however, it seems 
likely that not all infants are susceptible to nitrate poisoning, but that scane 
are predisposed to it by physiological conditions. Many well waters containing 
over 500 ppm nitrate nitrogen have never been linked with reported cases^. 

Excess nitrates cause irritation of the mucous linings of the \ 

gastrointestinal tract and bladder, with symptoms of diarrhea and diuresis. * 

24 
Drinking one liter of water containing 500 ppm nitrate can cause such symptoms 
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(2 J Regional Nitrate Concentrations in Ground Water from the Ottawa Formation 
in the Stittsville Area 

Water quality data compiled by the Ministry of the Environment^ 
indicates that naturally occurring concentrations of nitrate are low in Ottawa 
Formation aquifers in the Stittsville area. These data are summarized as 
follows: 

Report Area Nitrate Concentration 
(as ppm N) 

Sarsfield 0.03 

Navan . 01 

Township of Gloucester 0.20 

Stittsville 1.3 

Stittsville 8.2 

Stittsville 1.97 

Stittsville tr. 

Overall Average 1.67 

These data represent average values of nitrate concentrations found 

in representative wells throughout the region. 

(3) Nitrate Concentrations in the Study Area 

The average nitrate concentration in the waters from wells beyond 
the contaminated area during the study period was 0.55 ppm. This average 
represents 30 seumples collected from the Royal Bank, Lackey, Carlstan Manufacturing 
and Gauvan wells during the study period. This contrasts with an average 
concentration of 5.8 and 5.2 ppcn c^ chloride in^the Summer's and Miller's 



well waters respectively, located on Figure 2. The data are recorded in TaJale 1, 
with average values for all wells sampled during the study. 

In Figure 5, lines have been drawn which join points of equal nitrate 
concentration for averaged samples collected through the study period. Examination 
of the figure shows basically that the NO3-N concentration increases downgradient 
with distance from the patrol yard. 
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SOURCES OF CONTAMINANTS 

As outlined there are several potential sources of contaminants in 
the study area. To separate the sources an examination of the chemical 
relationships between waters from the various sources has been undertaken. This 
has involved the presentation of the chemical data in graphical form and the 
study of ion exchange relationships in the aquifer waters. 

Piper and Schoeller Chemical Plots 

The Piper plot is a trilinear diagram which illustrates the percentages 
of major anions and cations in the water samples. Anions and cations are shown 
separately in two triangular fields and are comJDined in a dicunond- shaped field. 
Trilinear diagrams are useful in pointing up differences or similarities between 
waters and can also show the effects of mixing between waters. Mixtures of two 
different waters will plot as points on a straight line between end points which 
represent the two water types. 

A Piper plot. Figure 6, was prepared from the analytic results for 
waters collected from wells in the study area on Sept«rtber 26, 1972. The data 
for the plot are presented in Table 2. Straight lines can be drawn from the 
Summers to the Walton well water quality as plotted on the diagram. Extending 
these straight lines to the vertices of the triangles in the diagram indicates 
that the contaminant is a sodium chloride water. Thus, water containing high 
concentrations of sodium chloride infiltrates to the aquifer, mixes with the 
normal ground water and produces the contaminated water found in the Summer's well. 

The Schoeller plot or nomograph, depicts a group of eineilyses on 
equidistant verticals. By joining points on all vertical lines an analysis 
is shown as a characteristic broken line which represents the chemical ccmposition 
of the water. Waters of similar composition plot as near-parallel lines. This 
graph is especially useful for comparing waters of low concentration and waters 
which do not differ greatly in concentration. 

A Schoeller plot. Figure 7, was prepared from the analytic results 

for waters collected from wells in the study area on September 26, 1972. The 
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data for the plot are presented in Table 2. As c«m be seen from the plot the 
contaminated wells show their siinilau: composition by the near parallel lines 
representing the chemical composition of the waters. Mixing of background quality 
water containing low sodium chloride concentrations with the sodium chloride 
water is evidenced by the systematically decreasing slopes of the lines 
representing the water quality at the various sample points. 
H. Ion Exchange Reactions 

The following calculations indicate that increased chloride con- 
centrations in well waters in the study area are associated with both increased 
sodium and hardness ions. The increase in hardness ions corresponds with the 
concept of ion exchange in soil reactions. These reactions involve positive 
sodium cations originating with the chloride sources being absorbed by soil 
particles resulting in the release of calcium, magnesium and iron ions. For the 
calculations, increases in ion concentration frcsn one sampling period to the next 
were considered on an individual well basis. An example of the calculation 
follows: 

Blaney Well: Seunple Date Concentration (ppm) 

Na CI Hardness 

26/9/72 68 124 412 

22/11/72 253 631 732 

Chloride increase: 631-124=507 

Sodium equivalent of chloride difference: (507/35.5) x 23^328.^ 

Actual sodium analysis: 253 ' 

Sodium increase: 253-68-185. 

Therefore, 328.5-185=143.5 ppm Na may have been exchanged for hardness 
ions in the soil. 

Equivalent hardness (Ca, Mg, Fe) potentially released by sodium absorbed 
at 2Na=CaC03 

143.5 X 100/(23x2)= 312 ppm CaCO^ = increase in hardness expected. 

Therefore, 412 + 312 = 724 ppn is the expected hardness. 
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Actural hardness - 732 

Error = 1.1% 

Similarly for other wells in the study area, it can be demonstrated, 
within analytical error, that the increase in hardness is due to ion exchange 
between the contaminant sodium ions and calcium, magnesium and iron ions 
which sure normally absorbed on soil materials. 
III. Natural Occurrence of Contaminants 

As has been pointed out under the subsections I, II, III, IV, and V, 
of Section SB, contaminants are widely distributed in natural waters, but 
generally the concentrations are small. Water-quality data compiled by the 
Water Quantity Management Branch indicates that naturally occurring concentrations 
of chloride, sodium, calcium, hardness and nitrate in the Stittsville area are 
low. 
IV. Septic Tctnk Effluents 

Septic tank effluents may be suspected as a source of sodium chloride, 
particularly if local use of water softeners is prevalent. However, septic 
tank effluents seldom contain more than 80 pp«n CI and therefore could not produce 
chloride concentrations of up to 2300 ppm as observed in local wells. It has 
been the experience of the Ministry that aquifers which have been polluted with 
septic tank effluents rarely have increases of chloride concentrations that 
exceed 10 ppm. 

Septic tank effluents do contain large concentrations of nitrate nitrogen. 
Analysis of samples collected during this study indicate that approximately 
25 per cent of the 44 sampled wells have yielded water with nitrate (N) con- 
centration at or in excess of the Ministry's maximum criteria of 10 ppm. Coliform 
counts are high in several wells. These nitrate concentrations and bacterial counts 
indicate that the septic systems are having an adverse effect on the ground water 
quality. An additional 30% of the well waters contained nitrate concentrations 
between 5 and 10 ppm. 

Based on current practices in spacing private septic tank and well 
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systems, the lot sizes in the area appear to be adequate. However, it is 
evident that high nitrate levels prevail in the community. 

The study area occupies about 0.06 square miles. Ground water in 
the area would be recharged by precipitation at an average rate of about 
18,000 gpd assuming an average recharge rate for the sand and gravel area of 
300,000 gpd/sq. mile. The septic tank systems in the area would contribute 
approximately 4,000 gpd to the groxmd water with an average nitrate concentration 
of 40 ppm. Mixing with the natural rechaurge would dilute the septic effluent 
about 4 times and result in an expected nitrate concentration in the ground 
water of about 10 ppro. This agrees reasonably well with the sampling results. 

If there were 'dilution from upgradient ground water sources, the 
nitrate levels would be lower. However, in the study area, there is little 
dilution from upgradient flow because a partial ground water divide exists just 
to the north west of the study area. Variations in nitrate concentrations 
occur because of dilution variations due to rainfall events. It is also evident 
that a nitrate buildup occurs in the ground waters as the distance downgradient 
from the ground water divide increases euid the recharge dilution factor is 
reduced . 
V. Industrial Sources 

There are no known industrial sources of the contaminants in the 
study area. 
VI. Salt Storage and Road Salting 

The source of the salt contaminant must be located dSmgradient from 
the unaffected wells in the area. These wells include the Gauvan, Carlstan, 
Lackey, Royal Bank, village of Stittsville and Carleton County wells, the 
locations of which are shown in Figure 1. The only such source of salt is that 
lost in the vicinity of the patrol yards upgradient from the affected wells. 
If road salting of Main Street South, County Road #5, through Stittsville was the 
main source of the salt contaminant, then wells such as those of the Royal Bank, 

the Village of Stittsville and Carleton p^ ^ ■ 

aiiu ^.arxeton County in a downgradient position 
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relative to the road would also be affected. These wells have virtually 
background concentrations of the salt contamineint. 
6. DISCUSSION AND CONCLUSIONS 

Many residents of the Village of Stittsville have experienced a 
deterioration of their well water quality. Their complaints to the regional 
office of this Ministry resulted in an extended well water sampling program. 
The analytical results of this program indicate that water with a high salt 
concentration contaminates the aquifer on a continuous basis. There is also 
evidence that septic wastes are entering the aquifer resulting in nitrate and 
bacterial contamination of many of the local wells. 

Uncovered salt has been stored upgradient from the affected wells 
for the period of time between I960 and 1973. Downgradient aquifer use 
intensified in 1965 with the development of the community shown in Figure 2. 
Originally the water from this aquifer was reported to be fresh, but has since 
become undrinkable with chloride concentrations reaching 2252 ppm chloride. 

The study area lies on a sand and gravel beach deposit that is highly 
permeable. Underlying this overburden material, at depths up to 50 feet, is 
fractured limestone bedrock of the Ottawa Formation. The aquifers contained 
within these materials normally yield good quality water. These aquifers are 
particularly vulnerable to the infiltration of pollutants because of the permeable 
nature of the overburden materials. 

Ground water movement in both the overburden and bedrock aquifers is in 
an eastwardly direction in the study area with a local ground water divide being 
found in the vicinity of the north-south County road #5. The aquifer yielding 
water to the affected wells in the study area is located at an average penetration 
of 60 feet into the bedrock. 

The affected wells contain anomalous concentrations of chloride, sodium, 
calcium, haurdness and dissolved solids. Chloride ions axe present in all natural 
waters and because of its physio-chemical characteristics^ the ion moves with 
water through most soils with less retardation or loss than any other chemical. 
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While the chloride concentrations in these waters are far beyond the 
taste thresholds for chloride salts, it is doubtful that the chloride ion 
itself is physiologically harmful at anything but extremely high concentrations. 
Limitations applied to the ion concentration by various regulatory agencies 
seem to be based primarily on taste threshold values. In general, it is 
assumed that it is the cations (calcium, magnesium, sodium or potassium) 
associated with the chloride that produces a harmful effect. Background chloridt 
concentrations in the study area average 38 ppm, approximately 30 times lower 
than the concentration of chloride in the affected wells. 

Sodium is also found in measureable amounts in all natural waters. 
It does however enter into ion exchange reactions as has been discussed in 
detail making it an unsuitable tracer ion. Sodium ions in drinking water 
may be harmful to persons suffering from cardiac, renal and circulatory 
diseases. While recommended limits vary from 10 to 115 ppm Na, it must be 
assumed that the water from the affected wells with Na concentrations in the 
600 to 900 ppm range must be considered unfit for human consumption from a 
physiological point of view. 

Calcium is the principal cation in most natural fresh water. The 
ion enters into reversible cation exchange reactions with sodium and thus is 
not a good indicator for tracing ground water movement. As to the physiological 
effects of excess calcium in drinking water, no definitive statement can be 
made. Calcium is an essential food element that may be deficient in the average 
Notth American diet. Concentrations of 1800 pjpm Ca are reported to be harmless 
and it is reported that there is an inverse relationship between the calcium 
content of waters and cardiovascular disease. The main disadvantage of excess 
calcium in domestic water supplies is the adverse effect on washing and its 
tendency to form incrustations of calcium carbonate on cooking utensils and taps, 
water heaters, irons, etc. Calciiim concentrations in the affected wells are 
approximately double background values and as has been shown are directly as a 
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result of ion exchange reactions between sodium and calcium ions. 

Because of exchange reactions, it has been shown that the increased 
hardness of the waters in the study area is directly related to entrance of 
excess sodium ions into the aquifer. As a result of the increased hardness 
many of the affected residents have begun to use a water softener. In the 
softener, hardness ions are exchanged for sodium ions. Thus softened water 
contains increased sodiuxa and chloride ions. The discharge of this water 
via the septic system into the aquifer results in further ion exchange reactions. 
These reactions exchange hardness ions for the excess sodium. Thus, in effect, 
it is possible for water softening activities in a conoHonity to result in the 
increased hardness of aquifer water, with the resultant increased use of sodium 
to reduce the increased hardness etc. In general the water in the study area 
is very hard. With the increase of hardness through the increase of sodium 
concentrations in the aquifer, the water has become excessively hard cuid by 
some standards, unsuitable for general domestic purposes. Efforts by local 
residents to soften their water has only increased the aquifer water hardness 
and increased their already extensive «se of sodium chloride to soften their 
domestic supplies. Physiologically the hardness of the water is not of 
concern; however, its excess concentration has resulted in an economic hardship 
which has been borne by the residents as a direct result of the excessive loss 
of salt to the aquifer. 

Anomalous concentrations of nitrate in the aquifer, in the absence 
of excessive fertilizer applications in the area must be related to the 
leaching of septic tank waste waters into the aquifer. Concern must be exhibited 
over the nitrate concentration in the aquifer because it exceeds recononended 
concentrations. Infant methemoglobinemia, irritation of the mucous linings 
of the gastrointestinal tract and bladder cuid symptoms of diarrhea and diuresis 
are all linked to the presence of excess nitrate in drinking water. The source 
of the nitrate problen has been shown to be from local septic tanks through 
the use of an estimate of the natural and septic recharge rate to the aquifer. 
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The problem is as a result of the lack of dilution from upgradient ground 
water sources. Because a partial ground water divide exists just to the 
north west of the study area, the ratio of natural recharge to septic waste 
is low. Thus nitrate levels are excessive. 

Through the use of the Piper and Schoeller plots, it has been shown 
that the contaminant is a sodium chloride water. Sodium chloride water has 
infiltrated to the aquifer, mixed with the normal ground water and produced the 
contaminated waters found in the affected wells. It has also been demonstrated 
that increased calcium euid hardness concentrations in the affected wells is as 
a result of ion exchange reactions between the ions in question and the 
intorduced sodium ions. 

There are no industrial sources of the salt contaminant, nor is road 
salting the contamincuit source. Thus it must be concluded that the only logical 
source of excessive salt in the aquifer are losses from the storage facilities 
of the Regional Municipality of Ottawa-Carleton and the Township of Goulbourne. 
Uncovered salt stored or spilt at these facilities is subject to leaching and 
migration into the nearby aquifers. This process would have continued throughout 
the period of time that salt was exposed to leaching by rain or snow water. 
ALTERNATE SOURCES OF SUPPLY 

Several alternatives cire available to restore potable supplies 
to affected residents. These include: 

1) reverse osmosis equipment could be installed to treat drinking 
and cooking water supplies. 

2) it may be possible to obtain an uncontaminated supply from the 
bedrock. However, there is no guarantee that such a supply exists. It would 
be imperative to case and grout off any contaminated zones to prevent the 
introduction of salty water into deeper aquifers through the well bore. 

3) vrater could be hauled to the residences while waiting for natural 
dilution of the contaminant to reduce its concentration in the aquifer. 
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8. RECOMMENDATIONS 

1) No further storage of unprotected salt be permitted at these 
patrol yards. Without the entrance of additional salt to the aquifer, natural 
dilution processes should restore the aquifer water back to its original quality. 

2) The Ministry of Health in conjunction with the local health unit 
advise residences of the adviseability of drinking the local well water with 
consideration being given to the presence of bacteria, nitrate and dissolved 
ions at levels above recommended concentration limits. 
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133 Dalton Avenue, Box 820, Kingston, Ontario K7L 4X6 
Tel : 549-4000 

MEMORANDUM September 17th, 1981 

T®: P.R. Moore, Evaluator 

Approvals & Planning 
Technical Support 

FROM: D.R. Kearney 

Hydrogeologist Assistant 
Technical Support 

•1; Development Potential of 

Ontario Hydro Holdings on Baptiste Lake 

Lots 5, 6 & 7, Cones. IV, V & VI, Herschel Township 

Our records show only one water well record for the entire area of 
interest. This drilled well is located in Lot 6, Concession IV. Yielding 
fresh water at a respectable rate of 450 litres per minute, the 15.6-metre 
deep well encountered water at 7.6 metres below ground surface, and 
had a static level of 3.0 metres below ground surface. There are few 
drilled wells on record in this area because dug or driven (sandpoint) 
wells are usually adequate. A review of the 99 water well records on 
file for the whole Township reveal the following data: 

Water Quality Number of Wells 

Fresh 103 

Sulphurous or Salty 

Dry )g 

Untested 6 

Depth to Water 

Less than 7.6 metres S 

7.6 to 14.9 metres 11 

15.2 to 22.9 m 

23.2 to 30.2 23 

30.5 to 45.7 27 

46.0 to 61.0 metres S 

Greater than 61.3 metres § 

Pumping Rate 

Less than 13.5 litres per minute 34 

13.5 to 27.0 litres per minute tf 

31.5 to 54.0 litres per minute t# 

Greater than 54 litres per minute 14 
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(It should be noted that the figures do not add up to 99 due to missing 
data for the pumping rates, and more than one water-bearing strata 
per well for water quality and depth to water). 

Overburden in the area is reported on the well records as almost 
exclusively sandy. There is some hardpan clay and gravel encountered 
between the sandy soil and the granitic bedrock. Ontario Soil Survey 
#27 maps the township as mostly a Rockland complex (outcrop and 
sandy loam, muck in depressions). Well-drained Monteagle Sandy Loam 
comprises much of the eastern third of the township. 

Geological maps show that the bedrock is primarily hybrid granite 
gneiss, migmatite and granite pegmatite, for most of the Township, with 
a wide band of crystalline limestone or dolomite traversing the township 
from east to west including most of the bottom half of Baptiste Lake. 

In summary fresh water is common to the township. No saline or 
sulphurous aquifers are reported. The majority of drilled wells are 
terminated in granitic bedrock, but many wells are terminated in 
the overburden. Pumping rates tend to be low. Dry holes are rare. 
Groundwater may be anticipated from 8 to 46 metres in depth. 

If water wells are contemplated, it is recommended that these wells be 
cased and grouted to a minimum depth of 6.0 metres to prevent contami- 
nation from surface water and/or septic tank effluent. Where bedrock 
is encountered at depths greater than 6.0 metres casings should be 
extended and adequately sealed into the bedrock to a minimum depth of 
0.3 metres. 

.■ 1 
D.R. Kearney 

/ck 

cc: M. German 

D. Kearney 

R.F. GW 02-09 Herschel Township 



